The increasing need for cadaveric kidneys has caused the criteria for acceptable donor kidneys to include younger and older donors. Researchers have been studying the use of infant kidneys as a source for adult transplant. When used as a pair, infant kidneys transplanted into an adult have been found to filter an adult volume of blood. Sonographers will be asked to evaluate this type of transplant. Understanding the specific features of the transplant will aid in that process.
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There is an increasing need for more transplantable kidneys available for transplant in the United States. 1 To offset this shortage, many researchers have been looking to kidneys that were once considered suboptimal. With the en bloc technique, the criteria for kidney transplants may now include donors younger than five years of age or donors younger than two years of age and under 15 kg. 2 En bloc infant kidney transplants were first reported in the literature in 1908 and first applied as a surgical technique in 1969 and 1972. [3] [4] [5] The en bloc technique involves removing both kidneys, vasculature, and ureters from a donor and transplanting them into a recipient as a single unit. Technology and improved surgical technique have reduced complications associated with using pediatric and infant kidneys as donors. The option of using en bloc kidneys from infant donors may help increase the numbers of organs available for transplant. This literature review introduces the sonographer to the en bloc transplant technique and outlines a sonography protocol for evaluating these types of transplants.
Chronic vs. Acute Renal Failure
Kidney transplants are performed when the kidneys fail and are no longer able to support the removal of excess fluid and waste material from the blood. With acute kidney failure, there is sudden onset of waste buildup in the blood due to poor kidney function. There are several causes of acute kidney failure, including complicated surgery, acute tubular necrosis, toxin exposure, trauma resulting in severe blood volume loss, and other diseases that may inhibit blood flow to the kidneys. Chronic kidney failure occurs when function of the kidney is lost over time. Among the common causes of chronic kidney failure are longstanding hypertension, diabetes, genetic disorders such as autosomal dominant polycystic kidney disease, and chronic pyelonephritis. Treatment of the cause is the preferred medical intervention for kidney failure. When treatment is no longer effective, kidney transplants become necessary.
FILTRATION RATES
Normal creatinine levels range from 0.8 to 1.4 mg/dL (with a clearance of 97-137 mL/min in males), blood urea levels range from 6 to 17 g per 24 hours, and potassium levels range from 3.7 to 5.2 mEq/L. [6] [7] [8] All of these elements are filtered out of the blood by the kidney; when the kidney is unable to filter these components, their levels in the blood rise above their normal range. The rise in waste products in the blood leads to sodium retention, which causes edema and lung congestion. Kidney failure is diagnosed by measuring the urine output, blood urea, potassium levels, and creatinine levels.
Surgical Procedure of Transplant
Knowing the surgical technique is important to sonographers because the postoperative complications may vary between the techniques. Furthermore, location of the en bloc transplant in the pelvis will vary based on the surgical technique. The donor kidneys are prepared for transplant by skeltonizing the aorta, inferior vena cava (IVC), ureters, and renal vessels of the donor. The donor aorta and IVC are cut proximally and distally close to the origins of the renal arteries and veins. Both kidneys and the vasculature, including the aorta and IVC, are removed from the donor and placed into the recipient using either the end-to-side or the interposing technique.
In the end-to-side technique, the distal end of the donor aorta and IVC are anastamosed to the side of the recipient's external iliac artery and vein. The proximal end of the aorta and IVC are closed with a technique called oversewing, synthetic grafting, or by using the superior mesenteric artery as a cap. [9] [10] [11] In the end-to-side surgical anastamosis, both kidneys typically lie in the iliac fossa with one kidney lateral to the iliac vessels and the other medial to the iliac vessels ( Figure 1 ). [9] [10] [11] In the interposing surgical technique, the recipient iliac vessels are cut, and the donor aorta and IVC are sewn into the iliac vessels proximally and distally. The kidneys lie extraperitoneally with the lateral kidney positioned over the psoas muscle, and the medial kidney is superior and lateral to the bladder. 10 The advantage to this method is that it avoids having to sew or graft the end of the aorta, eliminating the blind cul-de-sac flow and decreasing the risk of vascular complications. 10, 12 In both techniques, the ureter of the donor kidneys is anastomosed to the bladder either separately or conjoined. Some surgeons prefer to place the en bloc transplant in a mesh envelope, as it will stabilize the kidneys and help prevent kinking and twisting of the vasculature and ureters. 13 
En Bloc Kidney Discussion
The use of en bloc kidney transplants greatly improves patient outcome from kidney failure. Using en bloc infant kidneys provides enough nephron mass to adult patients so that they may adequately filter the adult volume blood. Infant kidneys are able to grow rapidly and provide normal renal function within 5 to 10 years. 14 En bloc transplanted kidneys can function with a creatinine level of 0.8 mg/dL by 9 years after the transplant, with a creatinine clearance of 88 mL/min and a blood urea level of 14.6 g per 24 hours. 14 Infant and pediatric donor kidneys are able to grow to normal size quickly, thus providing better mass and performance than a single adult kidney transplant. 15 The prognosis for transplanting en bloc infant kidneys into adult recipients is good. Several studies have shown that graft survival over five years is high and that using infant and pediatric kidneys in en bloc transplants is an efficient way to treat patients with kidney failure. [16] [17] [18] [19] A one-year graft survival is reported between 76% and 89%, 20-22 a two-year graft survival is reported between 77% and 80%, [16] [17] [18] and a five-year graft survival is reported between 60% and 89%. 19 These results demonstrate the use of infant kidneys en bloc is a reliable method of surgical intervention for patients with kidney failure.
Sonographic Assessment
Postoperative management of en bloc kidney transplants is similar to adult cadaver kidney transplants. Patients receive immunosuppressant therapy and are monitored for signs of graft failure and rejection. Many imaging modalities are used for postoperative monitoring, including renal scintigrams, abdominal and pelvic computed tomography (CT), arteriography and urography. Sonography is often the most useful imaging modality because it comprehensively evaluates kidney anatomy, parenchymal perfusion, and the collecting system. 11 The normal en bloc transplant has a grayscale appearance typical of native pediatric kidneys (Figures 2 and 3) . Renal pyramids may be more prominent, appearing hypoechoic to the parenchyma, and the sonographer should take care not to confuse the pyramids for a dilated collecting system. 11 The protocol for evaluating en bloc infant kidney transplant is similar to evaluating a single kidney transplant. The examination begins with a 2D assessment of renal parenchyma, cortex, pyramids, collecting system, and ureters, including longitudinal and transverse sweeps through both kidneys. Both kidneys and ureters should be assessed for any masses or fluid collections. Measurements of length, volume, and Doppler flow velocities within the renal parenchyma should be included every time the transplant en bloc kidneys are examined. 23 The en bloc vasculature and anastomosis should be examined in gray scale and Doppler. If a complete and thorough examination of the en bloc kidneys is not performed, unilateral complications may be missed, leading to graft failure. 4 The 2D length measurements extend from the superior to the inferior pole. The sonographer should assess the lie of the kidneys and their relationship to each other to measure the longest dimension. 11 Knowledge of the surgical technique can be helpful when assessing this relationship. To calculate the length, one should measure both of the en bloc kidneys in their longest dimension and add the lengths together to report a total length. 24 Volume measurements can be achieved by using the equation for standard ellipsoid volume (L × W × H) × π/6. Normal adult kidney volumes estimated by sonography range from 92 to 205 cc. [24] [25] [26] To measure renal volume for en bloc kidneys, one can estimate the volume of each kidney and sum the results. 24 Because there are few data concerning how much en bloc kidneys will grow following a transplant, reporting volume measurement may be useful to demonstrate growth. However, because kidneys are not a standard ellipsoid shape, the standard ellipsoid volume formula may underestimate kidney volume. 25 Furthermore, sonographic volume measurements are subject to interoperator error and have not always proven reproducible. 25 If accurate volume measurements are critical, magnetic resonance imaging (MRI) provides a more accurate and reproducible assessment of renal volume. 25 The normal color and spectral Doppler pattern for transplanted kidneys is the same as a healthy normal native kidney. Color Doppler is useful because it provides an overall qualitative assessment of kidney vascular function (Figures 4 and 5 ). Furthermore, it can help to identify the location of the renal artery and vein to guide the placement of the spectral Doppler gate. The spectral tracing provides quantitative information about renal flow. The typical renal flow pattern is that of low resistance with continuous high diastolic flow. 11 Many indices can be used to estimate flow, including the pulsatility index (PI), the resistive index (RI), peak systolic flow, and systolic ratios. With the spectral Doppler angle placed below 65 degrees, the normal peak systolic velocity within the transplanted renal artery is approximately 250 cm/s. 23, 27, 28 The normal RI should be 0.70 or below, and the normal PI should be less than 1.5. 23 In addition to taking velocity measurements in both renal arteries, flow in the renal veins should be assessed along with the surgical anastomosis with the iliac artery and vein. Finally, the native external iliac artery and vein should be assessed above and below their anastomosis.
Sonographic Assessment of Complications
Complications that can arise with en bloc kidney transplants are similar to those of adult kidneys, and they include arterial or venous thrombosis, renal artery stenosis, rejection, acute tubular necrosis (ATN), obstruction, fluid collections, glomerulonephritis, and hyperfiltration injury. 2, 11, 16, 23, 28, 29 Sonography can be used to diagnose some of these complications, particularly vascular complications, fluid collections, and obstruction. In contrast to adult kidney transplants, arterial and venous thrombosis occur more often, and renal artery stenosis occurs less often. 11, 14, 30 Renal artery stenosis may occur less often in en bloc kidneys because they are transplanted with the native aortic segment, thus decreasing technical defects associated with grafting small vessels. 11, 31 When renal artery stenosis does occur, it usually presents with a focal increase in velocities at the stenotic site, but it may also present as dampened intrarenal flow, an indirect sign of renal artery stenosis.
Arterial thrombosis is more prevalent when the end-to-side surgical technique is used because the oversewing of the donor aorta creates a blind ending or cul-de-sac flow, which predisposes the area to turbulent flow, thus increasing the conditions that create thrombosis. 10, 11 The interposed surgical technique tends to have fewer thrombotic events, possibly because the technique does not create a blind ending of the donor aorta and IVC. 10 Arterial and venous thrombosis can be unilateral or bilateral, and when arterial or venous thrombosis occurs, arterial or venous flow will be absent in the affected vessels. 11 When IVC and/or renal vein thrombosis is present, the affected kidney will demonstrate enlargement and decreased echogenicity. 11 Visible thrombus may also be present in the renal vein or IVC, and the arterial Doppler profile may demonstrate reversal of flow. 32 Kinking of the renal arteries and veins can occur because the en bloc kidneys are small and unstable in the abdomen. The surgical technique of encasing the kidneys in a mesh envelope helps prevent vascular complications. 13 The most difficult complication to diagnose is renal transplant rejection. There is no single imaging modality with significant specificity or sensitivity to diagnosis rejection, and biopsy remains the gold standard for the diagnosis. 23 However, sonography can provide information about possible rejection and is a good tool to evaluate the size and shape of the kidney, as well as the appearance of the pyramids, cortex, and parenchyma. There are five noticeable sonographic patterns within the kidney parenchyma when rejection is suspected. They include enlargement and decreased echogenicity of the pyramids, hyperechogenic cortex, an area of anechoic appearance within the parenchyma, distortion of the renal outline, and sonolucent areas involving the cortex and medulla. Doppler findings that help identify rejection include an RI above .90 and a PI above 1.8. Although ATN can cause the RI and PI to rise, rejection is most consistent with increasing values. 23 In addition, absent diastolic flow or flow reversal is often present in rejection. 23 Sonography can visualize obstruction and fluid collections in and around the kidneys. Obstructions typically occur early in the postoperative phase and often involve blood clots in the ureters or bladder. 23 Obstructions that persist after the early postoperative period are usually secondary to a technical defect such as poor surgical implantation of the ureters to the bladder, external compression, or a stricture in the ureter. 11, 23 As the en bloc kidneys grow, they have the potential to compress the ureters and cause obstruction. 10 Obstructions appear as hydronephrosis by sonography. Hydronephrosis can also elevate the RI or PI and, if left untreated, can lead to graft failure. Graft failure from obstruction can be prevented with frequent ureteral stenting. 10 Urinary leaks are diagnosed with sonography, and they typically appear as perinephric fluid collections. 11 Patients typically present with increasing abdominal pain, and although sonography can demonstrate the fluid collection, cystograms better demonstrate leakage from the bladder. 23 Sonography is the most effective imaging modality to analyze the renal parenchyma, size, position, and collecting system of the en bloc kidneys, and it can determine the presence of obstruction and fluid collections. Spectral and color Doppler are vital to assessing graft function and are likely to remain the first method of interrogation when graft dysfunction is suspected. However, color and spectral Doppler sonography of en bloc kidneys are complicated, and the sonographic evaluation of en bloc kidney transplants requires a well-trained, experienced sonographer.
Conclusion
En bloc infant kidneys are a good source for cadaver-donor transplants. As this type of treatment becomes more prevalent, sonographers will encounter them and need to evaluate the kidneys accurately. It is important to be aware of the technique used to implant these kidneys as well as the expected results of their growth and function over time. Although they may be more difficult to scan because of their small size, they should be evaluated in the same manner as single adult kidney transplants.
Most studies on en bloc kidney transplants have focused on the age and weight of the donor to decide between en bloc and single kidney transplants and if it is possible for en bloc kidneys to function at a high enough level to support an adult recipient. Further studies may need to be done to determine expected growth and arterial velocities in the healthy en bloc kidney transplant. This information will assist in the sonographer's evaluation of these kidneys compared to the single kidney transplants that are more commonly seen.
